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Abstract — This paper presents a novel voltage mode (VM) first 
order Single input three output multi function filter employing 
second generation current conveyor transconductance 
amplifier (CCII-TA). The proposed circuit employs only one 
active element, one grounded capacitor and three resistors. 
The angular pole frequency of the proposed circuits can be 
tuned electronically with the help of bias current. The proposed 
circuit is very appropriate to further develop into an integrated 
circuit. Sensitivity study is provided and SPICE simulations 
have been included which verify the workability of the circuit 

Index Terms — Second-generation Multiple output current 
conveyor transconductance amplifier (CCII-TA), Analog 
Building Blocks (ABBs), filter. 

I. Introduction 

In the field of electrical engineering, an analog filter 
is an important building block which is widely used for 
continuous-time signal processing. Of particular concern here 
are first order multifunction filters as they allow realization 
of different filter functions from the same topology thus 
facilitates the cost reduction involved in the integrated circuit 
manufacturing [1]. In the recent past a number of first order 
filters based on different active building blocks (ABB) have 
been proposed in the literature [2]-[13]. A close observation 
of these structures [2]-[13] reveals that the proposed circuits: 



1. 



2. 



3. 
4. 



Do not have inherent electronic tuning properties [2]- 
[9]. 

Use floating capacitors [2], [5], [11]-[13] which is not 
desirable for IC implementation as unlike grounded 
capacitances they cannot compensate for stray 
capacitances at present at these nodes [14], [15]. 
Employ excessive number of passive components in [8] 
Use multiple ABBs (Current Conveyors) in [9], [10]. 



These limitations make these circuits inappropriate 
for IC implementation as they occupy more chip area and 
have high power consumption. Recently, a modern active 
building block namely CCII-TA [16] has been proposed in 
the literature which is suitable for a class of analog signal 
processing which can operate in both current and voltage- 
modes, It possesses high dynamic range, high-slew rate, 
higher speed, low power consumption and wide bandwidth. 
Although a number of biquads [16], [17], [18] based on CCII- 
TA have been proposed, no first order multi function filter 



using this active element is available in open literature. The 
purpose of this paper is to present a novel multi function 
filter based on a single CCII - TAthat employs a single CCII- 
TA and four passive components. The circuit uses all 
grounded capacitances, which is suitable for monolithic 
integration. This is because grounded capacitor circuit can 
compensate for the stray capacitances at their nodes [14], 
[15]. The angular pole frequency of the multi function filters 
can be tuned electronically by input bias current and the 
sensitivities are also less than or equal to unity. To verify the 
workability of the proposed circuits, simulations have been 
carried out using SPICE and results are included. 

II. Proposed circuit 

The CCII-TA essentially consists of a multiple 
output second-generation current conveyor (MO-CCII) at 
the front end and a balanced operational transconductance 
amplifier (BOTA) at the rear end. Recently, a practical 
implementation of simplified CCII-TA using commercially 
available active devices has been presented in [18]. The port 
relations of CCII-TA as shown in Fig. 1 may be expressed 
as: 
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The bipolar transistor based internal circuit structure 
of CCII-TAis shown in Fig. 2. The transconductance gm in (2) 
is controllable by bias current IB2 and is expressed as 
g,„ = hi 1 2Vi , where V is the thermal voltage. 
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Figure 1. The circuit symbol of CCII-TA. 
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Figure 2. A possible bipolar implementation of the CCII-TA 




Figure 3. The proposed multi function filter using CCII-TA. 

The proposed multifunction filter circuit based on CCII - 
TAis shown in Fig. 3. Routine circuit analysis for Rl = 2 R2 
yields the following transfer function. 
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Equation (6) reveals that pole frequency C0 can be 

adjusted by g , i.e. bias current of CCII - TA. It is clear 
that the transfer functions (3) to (5) are characterized by pole 
frequency as given in (6) and thus have electronically tunable 
characteristics. 

For all three transfer functions the results of active 
and passive sensitivity analysis of various parameters are 
given as 
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All active and passive sensitivities of pole co are low and less 
than or equal to unity in magnitude. Thus the proposed circuit 
can be classified as insensitive as all the active and passive 
sensitivities are inferior or equal to unity [19]. 

III. Design examples and simulation results 

The multi function filter of Fig. 3 has been simulated using 
SPICE Circuit simulation program with typical parameters 
of bipolar transistors PR100N (PNP) and NR100N (NPN) 
[20] and DC supply voltage of +/-2V.The circuit has been 
designed to operate at a pole frequency of 80 KHz. The values 
of different components have been selected as: Cj=lnF, I o = 
13uA, Rj=2K, R,=1K, R 3 =lK.The magnitude response of 
the multi function filter has been shown in Fig. 4 and Fig. 5 
shows the phase response of the filter. 
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Figure 4. The frequency response of the proposed multi function filter. 
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Figure 5. The phase response of the proposed multi function filter. 

Magnitude and phase response of the high pass func- 
tion of the multi function filter for different values of the bias 
current IB2 are shown in Fig. 6 and Fig. 7 respectively. Figure 
8 shows the electronic tunability of the pole frequency of high 
pass filter. This graph is a straight line which confirms that there 
is a direct proportionality between the bias current and the pole 
frequency which has already been theoretically proved in this 
paper. All these simulated results confirm that the pole frequency 
can be electronically controlled by setting IB2. The simulated 
results are in close agreement with the theoretical results. The 
slight deviation from the ideal results can be attributed to the 
stray capacitances and other non idealities in the circuit ele- 
ments. 
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Figure 7. Phase response of high pass filter for different IB2. 
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Figure 8. .Electronic tunability of pole frequency. 



Figure 6. Magnitude response of high pass filter for different IB2 
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IV.CONCLUSION 

A novel first order electronically tunable multi function 
filter has been presented in this paper. The circuit employs 
only a single active element, CCII-TA. It offers the advantage 
of electronic control of the pole frequency. The circuit also 
possesses low sensitivity performance. The circuit is suitable 
for IC implementation. 
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